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)LYHGLIIHUHQWW\SHVRIYHKLFOHVXSSRUWIXQFWLRQVZHUHGHYHORSHGLQWKHSURMHFWIXQFWLRQDEEUHYLDWLRQV
LQSDUHQWKHVHV
x 5LJKWWXUQLQJDVVLVWDQFHIXQFWLRQVIRUKHDY\JRRGVYHKLFOHV57BWDQGSDVVHQJHUFDUV57BFWKDW
KDYHDVSHFLDOIRFXVRQVDIHW\IRUYXOQHUDEOHURDGXVHUV958OLNHSHGHVWULDQVDQGF\FOLVWVGXULQJ
ULJKWWXUQLQJPDQHXYHUV7KH\ZDUQDQGLQWHUYHQHZLWKDEUDNHMHUNLIDYXOQHUDEOHURDGXVHULVLQWKH
ULJKWEOLQGVSRWGXULQJULJKWWXUQ
x /HIWWXUQLQJDVVLVWDQFH/7WKDWLQIRUPVWKHGULYHUDERXWFULWLFDOJDSVLQWXUQLQJOHIWDWLQWHUVHFWLRQV
DQGDLPVWRDYRLGFROOLVLRQVGXULQJOHIWWXUQLQJEDVHGRQZDUQLQJDQGLQWHUYHQWLRQLIQHHGHG,QD
FULWLFDOVLWXDWLRQLWZLOOEUDNHDXWRPDWLFDOO\WRSUHYHQWRUPLWLJDWHDSRWHQWLDOFROOLVLRQ
x &URVVLQJDVVLVWDQFH,&WKDWLVGHVLJQHGIRUJLYHZD\VFHQDULRV,WZDUQVDQGLQWHUYHQHVZLWKDEUDNH
MHUNLQFDVHRIDFURVVLQJYHKLFOHLIWKHVLWXDWLRQLVSRWHQWLDOO\FULWLFDO
x 7UDIILFOLJKWDVVLVWDQFH7/WKDWZDUQVDQGLQWHUYHQHVZLWKDEUDNHMHUNLQFDVHRIDUHGOLJKWYLRODWLRQ
RUZDUQVLIWKHGULYHULVDSSURDFKLQJDVWRSOLQHDWWRRKLJKDVSHHG
x 6WRSOLQHDVVLVWDQFH6/WKDWZDUQVDQGLQWHUYHQHVZLWKDEUDNHMHUNLQFDVHRIDYLRODWLRQRIWKHULJKW
RIZD\UXOHVDQGQRWUHVSHFWLQJWKHVWRSVLJQUXOHUHVSHFWLYHO\,WDOVRZDUQVLIWKHGULYHULV
DSSURDFKLQJWKHVWRSOLQHDWWRRKLJKDVSHHG
7KH DLP RI WKLV VWXG\ ZDV WR SURYLGH DQ LQGHSHQGHQW DVVHVVPHQW RI WKH GLUHFW DQG LQGLUHFW VDIHW\
LPSDFWVRIWKHGHYHORSHGQHZYHKLFOHIXQFWLRQVDLPHGDWLPSURYLQJVDIHW\DWLQWHUVHFWLRQV
'DWD
6HYHUDO GDWD VRXUFHV DQG IRUHFDVWV ZHUH XVHG IRU WKH DQDO\VLV $FFLGHQW YHKLFOH IOHHW DQG YHKLFOH
PLOHDJHGDWDDQGSUHGLFWLRQVXSWRLQWKH(XURSHDQ8QLRQPHPEHUVWDWHV(8ZHUHEDVHGRQ
WKHZRUNGRQHLQHDUOLHUH,03$&7:LOPLQNHWDODQG&2',$.XOPDODHWDOSURMHFWVDQG
FRPSOHPHQWHGZLWK UHFHQW SXEOLF(XURSHDQ DQGQDWLRQDO VWDWLVWLFV)RU WKH DQDO\VLV(8ZDVGLYLGHG
LQWR WKUHHFOXVWHUV±1RUWKHUQDQG&HQWUDO(XURSH FOXVWHU 6RXWKHUQ(XURSH FOXVWHU  DQG(DVWHUQ
(XURSHFOXVWHU
7KHDFFLGHQWGDWD7DEOHVKRZVWZRPDMRUGLIIHUHQFHVEHWZHHQWKHFOXVWHUVDIIHFWLQJHVSHFLDOO\WKH
VDIHW\ DVVHVVPHQW RI LQWHUVHFWLRQ VDIHW\ V\VWHPV )LUVW WKH SURSRUWLRQV RI IDWDOLWLHV LQMXULHV DQG LQMXU\
DFFLGHQWVGLIIHUEHWZHHQFOXVWHUV6HFRQG LQ WKHDFFLGHQWGDWD UHOHYDQW WR LQWHUVHFWLRQVDIHW\V\VWHPV LQ
1RUWKHUQ DQG &HQWUDO (XURSH WKH SURSRUWLRQ RI IDWDOLWLHV DQG LQMXULHV DW LQWHUVHFWLRQV LV KLJKHU WKDQ LQ
6RXWKHUQ(XURSHDQG(DVWHUQ(XURSH%DVHGRQWKHH[DPLQHGGDWDDQGSUHGLFWLRQVIRULWVHHPVWKDW
DQHYHQJUHDWHUVKDUHRIDFFLGHQWVLQ1RUWKHUQDQG&HQWUDO(XURSHPLJKWRFFXUDWLQWHUVHFWLRQVWKDQZKDW
KDVEHHQWKHFDVHSUHYLRXVO\
7DEOH3UHGLFWHGSHUFHQWDJHRIIDWDOLWLHVDQGLQMXULHVLQOLQNVFRPSDUHGWRLQWHUVHFWLRQVLQFOXVWHUVDQGLQ6KDUHVDUH
FRXQWHGIURPWKHDFFLGHQWGDWDUHOHYDQWWRLQWHUVHFWLRQVDIHW\V\VWHPVLHDWOHDVWRQHYHKLFOHLQYROYHGZDVRIW\SHZKHUHDQ
LQWHUVHFWLRQVDIHW\V\VWHPFRXOGKDYHEHHQLQVWDOOHG
 &OXVWHU ,QWHUVHFWLRQ  &OXVWHU ,QWHUVHFWLRQ
3HUFHQWDJHRI
IDWDOLWLHV
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 
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   
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
7KHVKDUHVRIQHZYHKLFOHVFRPLQJWRWKHPDUNHWWKDWKDYHWKHV\VWHPLQVWDOOHGZHUHHVWLPDWHGEDVHG
RQ.XOPDODHWDODQGH[SHUWRSLQLRQVRISURMHFWPHPEHUV,WZDVHVWLPDWHGWKDWWKHUHZRXOGEHQR
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SHQHWUDWLRQ GLIIHUHQFHV EHWZHHQ WKH GLIIHUHQW IXQFWLRQV DQG WKDW WKH SHQHWUDWLRQ ZRXOG LQFUHDVH IDVWHU
DPRQJKHDY\YHKLFOHVWKDQLQFDUV)XOOYHKLFOHIOHHWSHQHWUDWLRQZDVDOVRLQFOXGHGLQWKHDQDO\VLV
7KHGHSOR\PHQWRIWKHLQIUDVWUXFWXUHV\VWHPVZLOOPRVWOLNHO\VWDUWZLWKWKHLQWHUVHFWLRQVWKDWKDYHWKH
KLJKHVW QXPEHU RI DFFLGHQWV ,W ZDV DVVXPHG WKDW  RI WKH LQWHUVHFWLRQV DFFRXQWLQJ IRU  RI DOO
LQWHUVHFWLRQ DFFLGHQWV ZLOO EH HTXLSSHG LQ  )XUWKHUPRUH LW ZDV DVVXPHG WKDW ZLWK  YHKLFOH
SHQHWUDWLRQRILQWHUVHFWLRQVDUHHTXLSSHGDFFRXQWLQJIRURILQWHUVHFWLRQDFFLGHQWV
0HWKRG
7KHHIIHFWVRIWKHV\VWHPVZHUHDVVHVVHGZLWKVWDWHRIWKHDUWPHWKRGRORJLHVXVHGLQUHFHQW(XURSHDQ
SURMHFWVH,03$&7:LOPLQNHWHO3UH9$/6FKROOLHUVHWDODQG&2',$.XOPDODHWDO
,QGHWDLOWKHPHWKRGRORJ\LVGHVFULEHGE\.XOPDOD
7KH VDIHW\ HIIHFWVPHWKRG DGGUHVVHV DOO WKUHH GLPHQVLRQV RI URDG VDIHW\  H[SRVXUH  ULVN RI D
FROOLVLRQ WR WDNH SODFH GXULQJ D WULS DQG  ULVN RI D FROOLVLRQ WR UHVXOW LQ LQMXULHV RU GHDWK 7KHVH
GLPHQVLRQV DUH FRYHUHG E\ QLQH EHKDYLRUDO PHFKDQLVPV .XOPDOD :LWK WKHVH PHFKDQLVPV WKH
DQDO\VHVFRYHUHGQRWRQO\WKHGLUHFWLQWHQGHGHIIHFWVRIWKHV\VWHPVEXWDOVRWKHLQGLUHFWDQGXQLQWHQGHG
HIIHFWVLQFOXGLQJEHKDYLRUDODGDSWDWLRQLQORQJWHUPXVH7KHVHQLQH,76VDIHW\PHFKDQLVPVDUH
'LUHFWLQYHKLFOHPRGLILFDWLRQRIWKHGULYLQJWDVN
'LUHFWLQIOXHQFHE\URDGVLGHV\VWHPV
,QGLUHFWPRGLILFDWLRQRIXVHUEHKDYLRU
,QGLUHFWPRGLILFDWLRQRIQRQXVHUEHKDYLRU
0RGLILFDWLRQRILQWHUDFWLRQEHWZHHQURDGXVHUV
0RGLILFDWLRQRIH[SRVXUH
0RGLILFDWLRQRIPRGDOFKRLFH
0RGLILFDWLRQRIURXWHFKRLFH
0RGLILFDWLRQRIDFFLGHQWFRQVHTXHQFHVRQO\
7KHH[SHFWHGFKDQJHVLQGULYHUEHKDYLRUDUHGHVFULEHGIRUHDFKVDIHW\PHFKDQLVP)XUWKHUPRUHEDVHG
RQ H[LVWLQJ NQRZOHGJH D QXPHULFDO SHUFHQWDJH YDOXH IRU WKH FKDQJH LQ IDWDOLWLHV DQG LQMXULHV ZDV
HVWLPDWHG7KH UHIHUHQFH FDVH IRU WKH HVWLPDWHV LV D VLWXDWLRQZLWKRXW DQ\ ,966 ,QPRVW FDVHV D OLQHDU
GHYHORSPHQWRIHIIHFWVZDVDVVXPHG7KHHVWLPDWHVZHUHEDVHGRQUHIHUHQFHVIRXQGLQOLWHUDWXUHDQGRWKHU
HYLGHQFHDYDLODEOH'LIIHUHQWNLQGVRIHYLGHQFHH[LVW
x $OUHDG\DYDLODEOHHPSLULFDOHYLGHQFHRQVDIHW\LPSDFWVRIV\VWHPVZLWKSDUWO\VLPLODUIXQFWLRQDOLWLHV
x ([SHUWHYDOXDWLRQVRIVDIHW\LPSDFWVSUHGLFWHGUHVXOWV
x ,QGLUHFWHYLGHQFHRQVDIHW\LPSDFWVZKLFKPHDQVPRUHJHQHUDODVVHVVPHQWRIWKHHIIHFWVEDVHGRQ
NQRZOHGJHRIGULYHUEHKDYLRUWUDIILFIORZDQGHIIHFWVRIFRPSDUDEOHV\VWHPVHJURDGVLGHWHOHPDWLFV
SRWHQWLDOUHVXOWV
7KH IRFXV LQ WKLV VWXG\ZDV RQ IXWXUH V\VWHPV7KHUHIRUH WKH WKLUG FDWHJRU\ RI HYLGHQFHZDV TXLWH
IUHTXHQWO\XVHGLQWKHDVVHVVPHQWV
$ PRGHO RI KXPDQ LQIRUPDWLRQ SURFHVVLQJ SURYLGHV D IUDPHZRUN IRU DVVHVVLQJ WKH HIIHFWV RI
LQWHUVHFWLRQVDIHW\V\VWHPVRQGLUHFWGULYHUEHKDYLRULHKRZPDQ\DFFLGHQWVFRXOGEHDYRLGHGDQGKRZ
PDQ\DFFLGHQWVFRXOGEHPLWLJDWHG$FFRUGLQJ WR WKHPRGHO WKHGULYHUPXVW ILUVWSHUFHLYH WKH WDUJHWRI
DFWLRQ DQG DIWHU WKDW VHOHFW WKH FRUUHFW UHVSRQVH2QO\ WKHQ FDQ WKH GULYHU DFW :LFNHQV DQG+ROODQGV
,QDGGLWLRQWKHGULYHUPXVWEHPRWLYDWHGWRFKDQJHKLVLQWHUVHFWLRQDSSURDFKLQJVWUDWHJ\DIWHUWKH
ZDUQLQJRUEUDNHMHUNLQWHUYHQWLRQ
7DEOH  VKRZV DQ LOOXVWUDWLYH H[DPSOH RI WKH FDOFXODWLRQ RI WKH WRWDO HIIHFWZKHQ WKH HIIHFWV IRU WKH
VHOHFWHGPHFKDQLVPVDUHDYDLODEOH)LUVWWKHHVWLPDWHVJLYHQLQSHUFHQWDJHVDUHFRQYHUWHGWRFRHIILFLHQWV
RIHIILFLHQF\HJDGHFUHDVHRIDFFLGHQWVE\PHDQVWKDWWKHWDUJHWJURXSRIDFFLGHQWVLVPXOWLSOLHG
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E\ FRHIILFLHQW  6HFRQG WKH WRWDO HIIHFW LV FRPSXWHG E\ PXOWLSO\LQJ WKH FRHIILFLHQWV IRU HDFK
PHFKDQLVP DQG JLYLQJ WKLV WRWDO HIIHFW DV D SHUFHQWDJH 7KH VDPH SURFHGXUH ZDV IROORZHG ZKHQ
FDOFXODWLQJHIIHFWVRIFRPELQDWLRQVRIV\VWHPVDVLWLVQRWDSSURSULDWHWRVLPSO\VXPXSWKHHIIHFWV
7DEOH$QLOOXVWUDWLYHH[DPSOHRIFDOFXODWLRQRIWKHWRWDOHIIHFWEDVHGRQSHUFHQWDJHFRHIILFLHQWV:LOPLQNHWDO
0HFKDQLVP (IIHFWRQLQMXU\DFFLGHQWV (IIHFW>@  &RHIILFLHQWRIHIILFLHQF\
0HFKDQLVP GHFUHDVHV  ĺ  
0HFKDQLVP GHFUHDVHV  ĺ  Ļ
0HFKDQLVP LQFUHDVHV  ĺ  
7RWDODYHUDJHHIIHFW   ĸ [[ 

,QDGGLWLRQWKHPHWKRGWDNHVLQWRFRQVLGHUDWLRQWKDWWKHHIIHFWVZLOOYDU\DFFRUGLQJWRURDGFRQGLWLRQV
DQGFLUFXPVWDQFHV7KHDFFLGHQWGDWDKDVEHHQFODVVLILHGEDVHGRQVHYHUDOEDFNJURXQGYDULDEOHVDQGWKH
HIIHFWLVZHLJKWHGDFFRUGLQJWRWKHVH7KHVHDQDO\VHVDUHFRQGXFWHGWRSURYLGHVDIHW\HVWLPDWHVWKDWVKRZ
LQZKLFKFLUFXPVWDQFHVWKHPRVWVXEVWDQWLDOVDIHW\EHQHILWVFDQEHJDLQHG)RUH[DPSOHLWZDVDVVHVVHG
ZKHWKHUDJLYHQV\VWHPZRXOGEHPRUHHIIHFWLYHDWQLJKWRULQGD\OLJKWLQQRUPDORUDGYHUVHURDGVXUIDFH
FRQGLWLRQV RU RQ PRWRUZD\V UXUDO DUHDV RU XUEDQ DUHDV ,Q WKLV FRQVLGHUDWLRQ WKH IRFXV LV RQ WKH
HIIHFWLYHQHVV RI WKH V\VWHP LW LV DERXW KRZ SRZHUIXO WKH V\VWHP ZRXOG EH LQ SUHYHQWLQJ GLIIHUHQW
DFFLGHQWVLQWKHGHILQHGFLUFXPVWDQFHVQRWDERXWWKHIUHTXHQF\RIWKHDFFLGHQWW\SHLQTXHVWLRQ+HQFH
DOOHIIHFWVRQVDIHW\VKRXOGEHFRYHUHGE\WKHDQDO\VHV.XOPDODHWDO
7KH FDOFXODWLRQV ZHUH EDVHG RQ WKH DVVXPSWLRQ WKDW WKH VDIHW\ IXQFWLRQV ZRUN SHUIHFWO\ LQ DOO
FLUFXPVWDQFHVDQGWKDWWKH\ZDUQDERXWDOOSRWHQWLDOO\FROOLGLQJYHKLFOHVDQG958V
5HVXOWV
'HVFULSWLRQRIWKHVDIHW\PHFKDQLVPV
,QWKHDQDO\VHVDOOQLQHVDIHW\PHFKDQLVPVDUHWDNHQLQWRDFFRXQW0RVWHIIHFWVFRPHIURPPHFKDQLVP
0HFKDQLVPVDQGDUHQRWUHOHYDQWIRUDQ\RIWKHLQWHUVHFWLRQVDIHW\V\VWHPV0HFKDQLVPV±DUH
UHOHYDQWIRUVRPHV\VWHPVEXWKDYHRQO\PLQRULPSDFWV LIDQ\6RPHH[DPSOHVRIWKHHVWLPDWHGHIIHFWV
DQG DVVXPSWLRQV DUH JLYHQ EHORZ IRU HDFK PHFKDQLVP $IWHU WKDW WKH PRUH GHWDLOHG DVVXPSWLRQV
UHDVRQLQJDQGFDOFXODWLRQVDUHJLYHQIRUPHFKDQLVP
0HFKDQLVP
x 7KHIXQFWLRQUHGXFHVWKHQXPEHURIVLWXDWLRQVZKHUHWKHGULYHUUHFRJQL]HVDUHGOLJKWDWDYHU\ODWH
VWDJHRUGRHVQRWUHFRJQL]HWKHOLJKWDWDOODQGZLOOYLRODWHWKHUHGOLJKWDFFLGHQWDOO\DQGWKHUHIRUH
SUHYHQWVFROOLVLRQVZLWKRWKHUURDGXVHUVDQGUHGXFHVWKHFRQVHTXHQFHVRIFROOLVLRQV7/
x 7KHIXQFWLRQVXSSRUWVWKHGULYHULQGHWHFWLQJRWKHUYHKLFOHVWKDWDUHRQDFROOLVLRQFRXUVHZKHQ
DSSURDFKLQJDQLQWHUVHFWLRQDQGWKHUHIRUHSUHYHQWVFROOLVLRQVZLWKRWKHUURDGXVHUVDQGUHGXFHVWKH
FRQVHTXHQFHVRIFROOLVLRQV,&
x 7KHIXQFWLRQVXSSRUWVWKHGULYHULQGHWHFWLQJJLYHZD\VLWXDWLRQVDQGRWKHUYHKLFOHVWKDWDUHRQD
FROOLVLRQFRXUVHZKHQDSSURDFKLQJDQLQWHUVHFWLRQ$IWHUWKHGULYHUKDVVWRSSHGWKHIXQFWLRQ
LQWHUYHQHVZLWKWKHGULYHUVWDUWLQJWRGULYHLQFDVHRILPPLQHQWULVNRIFROOLVLRQDQGWKHUHIRUHSUHYHQWV
FROOLVLRQVZLWKRWKHUURDGXVHUVDQGUHGXFHVWKHFRQVHTXHQFHVRIFROOLVLRQV6/
x 7KHIXQFWLRQVXSSRUWVWKHGULYHULQGHWHFWLQJRWKHUYHKLFOHVWKDWDUHRQDFROOLVLRQFRXUVHZKHQWXUQLQJ
OHIWDWDQLQWHUVHFWLRQDQGWKHUHIRUHSUHYHQWVFROOLVLRQVZLWKRWKHUURDGXVHUVDQGUHGXFHVWKH
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FRQVHTXHQFHVRIFROOLVLRQV7KHIXQFWLRQEUDNHVDXWRPDWLFDOO\ZKHQWKHPRYLQJYHKLFOHKDVDQ
LPPLQHQWULVNRIFROOLVLRQ/7
x 7KHIXQFWLRQVXSSRUWVWKHGULYHULQGHWHFWLQJSHGHVWULDQVDQGELF\FOHVWKDWDUHRQDFROOLVLRQFRXUVH
ZKHQDSSURDFKLQJDQLQWHUVHFWLRQDQGWKHUHIRUHSUHYHQWVFROOLVLRQVZLWKRWKHUURDGXVHUVDQGUHGXFHV
WKHFRQVHTXHQFHVRIFROOLVLRQVZKHQWKHGULYHULVWXUQLQJULJKW57BFDQG57BW
x 7KHWDVNEHFRPHVDGLYLGHGDWWHQWLRQWDVNDVWKHUHLVLPSRUWDQWDQGXQH[SHFWHGYLVXDOLQIRUPDWLRQERWK
LQVLGHZDUQLQJDQGRXWVLGHRWKHUYHKLFOHRU958WKHFDU7KHGULYHUPLJKWQRWDOORFDWHKLVDWWHQWLRQ
FRUUHFWO\7/,&6/57BFDQG57BW
x 7KHIXQFWLRQPDNHVWKHGULYHUEHWWHUDZDUHRISRWHQWLDOFROOLVLRQVHDUOLHUJLYLQJPRUHWLPHIRUHYDVLYH
DFWLRQVDQGWKHUHIRUHSUHYHQWVFROOLVLRQVZLWKRWKHUURDGXVHUVDQGUHGXFHVWKHFRQVHTXHQFHVRI
FROOLVLRQV,&6//757BFDQG57BW
0HFKDQLVP  7KH V\VWHPPD\ JXLGH WKH GULYHU WR GLUHFW KLV DWWHQWLRQ DGHTXDWHO\ ,& 7/ ,& 6/
57BFDQG57BW
0HFKDQLVP7KHQRQXVHUVLPLWDWHWKHEHKDYLRXURIWKHXVHUVDQGVWRSPRUHIUHTXHQWO\DWVWRSOLQHV
7KHHIIHFWLQFUHDVHVZKHQWKHSHQHWUDWLRQUDWHLQFUHDVHV6/
0HFKDQLVP'LYHUJLQJMXQFWLRQDSSURDFKVWUDWHJLHVPDNHWKHEHKDYLRURIGULYHUVPRUHGLIILFXOWIRU
RWKHUVWRDQWLFLSDWH,&6/
0HFKDQLVPV  DQG  2OGHU GULYHUV PLJKW LQFUHDVH WKHLU GULYLQJ HVSHFLDOO\ LQ XUEDQ DUHDV GXH WR
LQFUHDVHGIHHOLQJRIVDIHW\/7
$FFRUGLQJWRWKHPRGHORIKXPDQLQIRUPDWLRQSURFHVVLQJE\:LFNHQVDQG+ROODQGVGHVFULEHGHDUOLHU
LQWKHFKDSWHUWKHSURFHVVJRHVIURPSHUFHSWLRQWRVHOHFWLRQRIUHVSRQVHWRDFWLRQ&RQVHTXHQWO\DVVXPHG
VKDUHRIDFFLGHQWVWKDWFDQEHDYRLGHGRUPLWLJDWHGLVDUHVXOWRIWKHPXOWLSOLFDWLRQGULYHUVZKRGHWHFWWKH
ZDUQLQJ  GULYHUV ZKR LQWHUSUHW WKH ZDUQLQJ FRUUHFWO\  GULYHUV ZKR UHVSRQG FRUUHFWO\ +HQFH
PHFKDQLVPFRQVLVWVRIWKHIROORZLQJPXOWLSOLHUV
x VKDUHRIDFFLGHQWVWKDWFDQEHDIIHFWHGGULYHUVZKRLQWHQGHGWRFRPSO\ZLWKWKHWUDIILFUXOHVSDUWRI
WKRVHZKRGLGQRWLQWHQGEDVHGRQLQGHSWKVWXGLHV
x DVVXPHGVKDUHRIDFFLGHQWVWKDWFDQEHDYRLGHGRUPLWLJDWHG
x VKDUHRIUHOHYDQWLQWHUVHFWLRQDFFLGHQWW\SHVEDVHGRQVWDWLVWLFV:LPPHUVKRIIHWDO
7KH QXPHULFDO YDOXHV SUHVHQWHG LQ 7DEOH  ZHUH JLYHQ IRU WKH PXOWLSOLHUV EDVHG RQ WKH IDFWV DQG
DVVXPSWLRQVGHVFULEHGDIWHUWKHWDEOH
7DEOH0XOWLSOLHUVIRUFDOFXODWLQJWKHHIIHFWVRIPHFKDQLVP
)XQFWLRQ 6KDUHRIDFFLGHQWV
WKDWFDQEHDIIHFWHG
$YRLGDEOHRUPLWLJDEOH 6KDUHRIUHOHYDQWIDWDO
LQWHUVHFWLRQDFFLGHQWVRIDOO
LQWHUVHFWLRQDFFLGHQWV
FRUUHFW
GHWHFWLRQ
FRUUHFW
LQWHUSUHWDWLRQ
FRUUHFWUHVSRQVH
H[HFXWLRQ
7/     
,&     
6/     
/7     
57BF     
57BW     

$OOLQWHUVHFWLRQDFFLGHQWVFDQQRWEHDIIHFWHGE\WKHV\VWHPEHFDXVHRIWKHVSHFLILFULVNIDFWRUVRIVRPH
GULYHUV7KHVHGULYHUVDUHIRUH[DPSOHLQWR[LFDWHGGUXQNRUKDYHVXLFLGDOWHQGHQFLHV%DVHGRQDUHFHQW
LQGHSWKVWXG\RIIDWDOLQWHUVHFWLRQDFFLGHQWVWKHVKDUHRIWKHVHVLWXDWLRQVLVRILQWHUVHFWLRQDFFLGHQWV
>.HONNDHWDO@,WLVDVVXPHGWKDWWKHIXQFWLRQVDUHOHVVHIIHFWLYHLQWKHVHFDVHVRQDYHUDJHKDOIRI
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WKHVHDFFLGHQWVFRXOGEHDIIHFWHG,Q/7WKHVKDUHLVELJJHUDVWKHIXQFWLRQLV LQWHUYHQLQJ,Q57BFLW LV
ELJJHUDVLWZDVDVVXPHGWKDWDOVRLQWR[LFDWHGGULYHUVKDYHWLPHWRUHDFWWRWKHZDUQLQJEHFDXVHRIWKHORZ
VSHHGZKLOH WXUQLQJ ,Q57BW LW LVELJJHUDV LW LVDVVXPHG WKDWSURIHVVLRQDOGULYHUVDUHDEOH WRDFWHYHQ
ZKHQLQWR[LFDWHG
6RPHGULYHUVPD\PLVVWKHZDUQLQJUHJDUGOHVVRIZKHWKHULWLVDFRXVWLFDOYLVXDORUKDSWLF7KH\PLJKW
OLVWHQWRPXVLFWKDWLVWRRORXGVSHDNRQWKHSKRQHXVHDQDYLJDWLRQV\VWHPHWF,WLVDOVRDVVXPHGWKDW
GULYHUV VHOGRP IDFH VLWXDWLRQV ZKHUH WKH V\VWHP LV DFWLYDWHG'ULYHUVPLJKW QRW HYHQ XQGHUVWDQGZKDW
KDSSHQVZKHQWKHEUDNHMHUNVWKH\PLJKWQRWUHPHPEHUZKDWLWPHDQVRUWKH\PLJKWQRWHYHQQRWLFHLW
IRUH[DPSOHWKH\PLJKWFRQIXVHWKHVHQVDWLRQZLWKWKDWH[SHULHQFHGZKHQWKHLUZKHHOKLWVDSRWKROH,WLV
DVVXPHG WKDW VKDUH RI WKHVH GULYHUV LV  DQG LQGHSHQGHQW RI IXQFWLRQ DSDUW IURP /7 WKDW LV DQ
LQWHUYHQLQJIXQFWLRQDQGZKRVHVKDUHLVWKXV
7KHVKDUHRIGULYHUVZKRLQWHUSUHWWKHZDUQLQJFRUUHFWO\LVKLJKHVWIRUWKHLQWHUYHQLQJIXQFWLRQ
'LIIHUHQFHEHWZHHQ WKHZDUQLQJDQG LQWHUYHQLQJ IXQFWLRQV LV VLJQLILFDQW)RU WKHZDUQLQJ IXQFWLRQV WKH
VKDUHLVDWPRVWHJWKHGULYHUPXVWUHODWHFRUUHFWO\LQIRUPDWLRQSURYLGHGE\WKHLQYHKLFOHGHYLFH
ZLWK WKH VLWXDWLRQRXWVLGH WKHFDU7KHGULYHUPXVWEHPRWLYDWHG WRFKDQJHKLV LQWHUVHFWLRQDSSURDFKLQJ
VWUDWHJ\DIWHU WKHZDUQLQJRUWKHEUDNHMHUN7KHUHZLOODOZD\VEHGULYHUVZKREHOLHYHWKHLU MXGJPHQWLV
EHWWHU WKDQ WKDW RI WKH V\VWHP ZKHWKHU WKH VLWXDWLRQ LV FULWLFDO RU QRW +HQFH VRPH GULYHUV LQ VRPH
VLWXDWLRQVGRQRWWUXVWWKHV\VWHPDQGLQWHQWLRQDOO\GRQRWUHDFWWRWKHZDUQLQJ
7KHVKDUHRIGULYHUVZKRLQWHUSUHW WKHZDUQLQJFRUUHFWO\LVVPDOOHVWIRU,&DVWKHUHLVDORWRI
DFWLYLW\LQDQXUEDQHQYLURQPHQWDQGWKHZDUQLQJFDQEHJLYHQEHIRUHWKHLQWHUVHFWLRQDQGHYHQEHIRUHWKH
GULYHU KDV WKH SRVVLELOLW\ WR REVHUYH WKH RWKHU YHKLFOH 7KH VLWXDWLRQ LQ WXUQLQJ ULJKW LV DOPRVW DV
FRPSOLFDWHG DV WKDW RI ,& EHFDXVH RI WKH 958V DSSURDFKLQJ IURP WZR GLUHFWLRQV DQG WKH SRWHQWLDO RI
LQFRPLQJYHKLFOHVIURPWKHOHIW
7KHGULYHUDFWLRQFDQEHGLYLGHGLQWRWKHUHDFWLRQDQGWKHZD\RIUHDFWLRQ,IWKHGULYHUKDVFKRVHQWR
UHDFW WKHUH LV YDULDWLRQ LQ UHDFWLRQ WLPHV 6WXGLHV VKRZ WKDW WKHUH DUH UHDFWLRQ WLPHV IURP OHVV WKDQ 
VHFRQGWRHYHQVHFRQGVHJ6LYDNDQG-RKDQVVRQ	5XPDU7KHILJXUHVFRPHIURP
VWXGLHVLQZKLFKWKHUHVSRQVHUHTXLUHGZDVGHILQHGYHU\FOHDUO\DQGXQDPELJXRXVO\,QWKHFDVHRIVHYHUDO
DOWHUQDWLYHUHDFWLRQVZKHWKHURQHVKRXOGEUHDNRUPDNHRWKHUHYDVLYHDFWLRQV WKHUHDFWLRQ WLPHVZRXOG
FOHDUO\EHORQJHU,QDGGLWLRQPDQ\GULYHUVGRQRWSUHVVWKHEUDNHSHGDODVKDUGDVWKH\VKRXOGLQFULWLFDO
VLWXDWLRQV2QHUHDVRQIRUWKDWLVWKDWGULYHUVVHOGRPIDFHVLWXDWLRQVZKHUHWKH\VKRXOGPDNHWKHFDUVWRS
DVIDVWDVSRVVLEOH
,IWKHGULYHUGRHVQRWSHUFHLYHWKHDFRXVWLFDORUYLVXDOZDUQLQJWKHILUVWVLJQRIDFULWLFDOVLWXDWLRQIRU
WKHGULYHU LV WKHEUDNHMHUN(VSHFLDOO\ LI WKHUHDFWLRQ WLPH LV ORQJ WKLVPLJKWEHDOO WRRODWHRU LWPLJKW
RQO\KHOS WKHGULYHU WR UHGXFH WKHVSHHGHQRXJKVR WKDW WKHFRQVHTXHQFHVDUHPLWLJDWHG ,QRUGHUQRW WR
JLYHXQQHFHVVDU\ZDUQLQJV WKDWZRXOG VWDUW WR GLVWXUE WKH GULYHU WKHZDUQLQJV DUHQRW JLYHQ WRR HDUO\
&RQVHTXHQWO\WKHEUDNHMHUNLVJLYHQWRRODWHIRUWKHVHVORZGULYHUV
,QDERXWRIWKHFUDVKHVFDXVHGE\UHGOLJKWUXQQLQJYLRODWLRQVGULYHUVDUHFRPSOHWHO\XQDZDUHWKDW
WKHUHZDVDUHGVLJQDORUGLGQRWUHDFWLQWLPH*nUGHU:LOPLQNHWDO7KHUHVXOWLVEDVHGRQ
GULYHULQWHUYLHZV,WLVDVVXPHGWKDWWKHILJXUHLVVRPHZKDWRYHUHVWLPDWHGGXHWRDGULYHU¶VZLOOLQJQHVVWR
JLYHDQDFFHSWDEOHUHDVRQIRUWKHLUEHKDYLRUHQGLQJXSWRDFROOLVLRQ2QWKHRWKHUKDQGLWLV OLNHO\WKDW
WKH V\VWHPFRXOGEHEHQHILFLDO DOVR WR WKHGULYHUVZKRZHUHDZDUHRI WKH UHG OLJKWEXW GLGQRW UHDFW LQ
WLPH,QWKLVFDVHWKHZDUQLQJFRXOGVXSSRUWWKHLQWHQWLRQWRVWRS
3URIHVVLRQDO GULYHUV DUH SUREDEO\ PRUH IDPLOLDU DQG KDYH PRUH H[SHULHQFH LQ VLWXDWLRQV ZKHUH WKH
IXQFWLRQV DFWLYDWH WKHPVHOYHV WKDQ DYHUDJH SDVVHQJHU FDU GULYHUV+HQFH WKH\ SUREDEO\ XQGHUVWDQG WKH
IXQFWLRQV EHWWHU DQG DUH DEOH WR UHVSRQG FRUUHFWO\ ,Q FRQVHTXHQFH WKH VKDUHV RI FRUUHFW UHVSRQVH
H[HFXWLRQLQ57BWDUHELJJHUWRWKRVHLQ57BF
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6RPH SDUWV RI WKH HIIHFWV ZLOO DOVR FDUU\ RYHU WR WKH URDGV FRQQHFWHG WR LQWHUVHFWLRQV DV XVXDOO\
LQWHUVHFWLRQVDUHGHILQHGTXLWHVWULFWO\LQDFFLGHQWGDWDEDVHVQRWWRLQFOXGHWKHDSSURDFKHVWRDQ\RUYHU\
OLWWOHH[WHQW+HQFHZHDVVXPHWKDWWKHLPSDFWRQOLQNVLVRIWKHLPSDFWRQLQWHUVHFWLRQV
6DIHW\LPSDFWV
:KHQ H[DPLQLQJ LPSDFWV RI WKH VLQJOH IXQFWLRQV RQ DOO LQWHUVHFWLRQ DFFLGHQWV UHGXFWLRQV DUH LQ WKH
UDQJHRIWRIRUIDWDOLWLHVDQGWRIRULQMXULHV)LJ7KHPDLQUHDVRQDIIHFWLQJWKH
PDJQLWXGHRIWKHVHHIIHFWVLVWKDWWKHVKDUHRIUHOHYDQWLQWHUVHFWLRQDFFLGHQWVRIDOOLQWHUVHFWLRQDFFLGHQWV
LVOHVVWKDQDQGHDFKIXQFWLRQFRYHUVRQO\VRPHDFFLGHQWW\SHV)RUH[DPSOHHYHQWKRXJKWKHHIIHFW
RIWKHULJKWWXUQLQJDVVLVWDQFHIXQFWLRQVRQWKHWDUJHWDFFLGHQWVLVTXLWHKLJK7DEWKHLUWRWDOLPSDFWLV
UHODWLYHO\VPDOOIRUIDWDOLWLHVDQGIRULQMXULHVEHFDXVHWKHJURXSRIWDUJHWDFFLGHQWVLVVPDOO
:KHQH[DPLQLQJDOODFFLGHQWVWKHLPSDFWVRIWKHLQWHUVHFWLRQVDIHW\V\VWHPVYDU\GHSHQGLQJRQWKHLU
IXQFWLRQDOLW\ ,Q JHQHUDO WKH LQWHUVHFWLRQ VDIHW\ V\VWHPV VKRZ VLJQLILFDQW SRWHQWLDO LQ UHGXFLQJ ERWK
IDWDOLWLHVDQGLQMXULHV7KHSRWHQWLDOUHGXFWLRQVDUHLQWKHUDQJHRIWRIRUDOOIDWDOLWLHVDQG
WRIRUDOO LQMXULHV7KH OHIWWXUQLQJVWRS OLQHDQG LQWHUVHFWLRQDVVLVWDQFHIXQFWLRQVVKRZ WKHPRVW
VXEVWDQWLDOLPSDFWVRQUHGXFLQJIDWDOLWLHVDQGLQMXULHV7KHPDLQUHDVRQDIIHFWLQJWKHPDJQLWXGHRIWKHVH
HIIHFWVFRPSDUHGWRWKHQXPEHUVSUHVHQWHGLQ)LJȈĳȐȜȝĮȉȠĮȡȤİȓȠʌȡȠȑȜİȣıȘȢĲȘȢĮȞĮĳȠȡȐȢįİȞ
ȕȡȑșȘțİ LV WKH VKDUH RI LQWHUVHFWLRQ IDWDOLWLHV  DQG LQMXULHV  FRPSDUHG WR DOO IDWDOLWLHV DQG
LQMXULHV
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)LJ7KHHIIHFWRIWKHIXQFWLRQVRQLQWHUVHFWLRQIDWDOLWLHVDQGLQMXULHVDQGDOOIDWDOLWLHVDQGLQMXULHVLQ(8LQYHKLFOH
SHQHWUDWLRQDQGLQIUDVWUXFWXUHSHQHWUDWLRQ
7KHVDIHW\HIIHFWV IRU WKH³KLJK´DQG³ORZ´ IOHHWSHQHWUDWLRQVFHQDULRV IRU WKH WDUJHW\HDUZHUH
FDOFXODWHGEDVHGRQWKHIXOOSHQHWUDWLRQYDOXHV)LJGHVFULEHVWKHHIIHFWVRQLQWHUVHFWLRQIDWDOLWLHVDQG
WKH FRUUHVSRQGLQJ YDOXHV IRU LQWHUVHFWLRQ LQMXULHV 7KH ILJXUHV VKRZ WKDW GXH WR WKH UHODWLYHO\ ORZ
SHQHWUDWLRQUDWHVWKHIXOOVDIHW\SRWHQWLDOLVQRW\HWUHDOLVHG

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      
7UDIILF/LJKW
,QWHUVHFWLRQFURVVLQJ
6WRSOLQH
/HIWWXUQ
5LJKWWXUQBF
5LJKWWXUQBW
)DWDOLWLHV
ORZ
KLJK

      
7UDIILF/LJKW
,QWHUVHFWLRQFURVVLQJ
6WRSOLQH
/HIWWXUQ
5LJKWWXUQBF
5LJKWWXUQBW
,QMXULHV
ORZ
KLJK

)LJ7KHHIIHFWRIWKHIXQFWLRQVRQLQWHUVHFWLRQIDWDOLWLHVDQGLQMXULHVLQ(8LQORZDQGKLJKSHQHWUDWLRQVFHQDULRV
:LWKH[SHFWHGSHQHWUDWLRQVUDWHVIRUVDIHW\LPSDFWVRIWKHGLIIHUHQWV\VWHPVRQDOOIDWDOLWLHVZHUH
HVWLPDWHGWREHHTXDORUOHVVWKDQDQGRQDOOLQMXULHVOHVVWKDQ$VWKHVHQXPEHUVDUHUHODWLYHO\
VPDOOLWLVSUREDEO\QRWUHDVRQDEOHWRLQWURGXFHWRWKHPDUNHWVLQJOHLQWHUVHFWLRQVDIHW\IXQFWLRQEXWUDWKHU
DV\VWHPFRPELQDWLRQKDYLQJDOOWKHSRVVLEOHIHDWXUHV
7KHDQDO\VLVRIVDIHW\LPSDFWVLQIXOOSHQHWUDWLRQUHYHDOVWKDWWKHFRPELQDWLRQZRXOGKDYHDQLPSDFWRI
RQDOO IDWDOLWLHVDQG RQDOO LQMXULHV LQ(8$V WKH VDIHW\ VLWXDWLRQRI1RUWKHUQDQG&HQWUDO
(XURSHLVTXLWHGLIIHUHQWWRWKDWRI6RXWKHUQ(XURSHDQG(DVWHUQ(XURSH WKHHIIHFWVRIWKHFRPELQDWLRQ
V\VWHPZHUHFDOFXODWHGDOVR VHSDUDWHO\ ,Q1RUWKHUQDQG&HQWUDO(XURSH WKH VDIHW\HIIHFWVDUH WKHPRVW
VLJQLILFDQW WKH\ DUH PRUH WKDQ GRXEOH FRPSDUHG WR WKRVH LQ 6RXWKHUQ (XURSH )LJ  7KH HIIHFWV LQ
(DVWHUQ(XURSHDUHVRPHZKDWELJJHUWKDQLQ6RXWKHUQ(XURSH
        
1RUWKHUQDQG&HQWUDO
(XURSH
6RXWKHUQ(XURSH
(DVWHUQ(XURSH
(8
IDWDOLWLHV
LQMXULHV 
)LJ6DIHW\HIIHFWRIWKHFRPELQDWLRQV\VWHPRQDOOLQMXU\DQGDOOIDWDOLW\ULVNVZLWKIOHHWSHQHWUDWLRQYHKLFOHNP
'LVFXVVLRQ
7KHVDIHW\LPSDFWDQDO\VLVVKRZHGWKDWDOOVHSDUDWHLQWHUVHFWLRQVDIHW\IXQFWLRQVKDGDSRVLWLYHHIIHFW
RQVDIHW\,QIXOOSHQHWUDWLRQWKHLPSDFWRQLQWHUVHFWLRQIDWDOLWLHVZDVEHWZHHQDQGDQGRQ
LQMXULHVEHWZHHQDQG7KHVHQXPEHUVUHIHUWRVLWXDWLRQVZKHUHDOOVXLWDEOHYHKLFOHVZRXOG
KDYHWKHV\VWHPLQTXHVWLRQLQVWDOOHG:LWKH[SHFWHGSHQHWUDWLRQUDWHVIRUWKHVDIHW\LPSDFWVRIWKH
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GLIIHUHQW IXQFWLRQVRQ LQWHUVHFWLRQ IDWDOLWLHVDQG LQMXULHVZHUHHVWLPDWHG WREHHTXDORU OHVV WKDQ 
7KH OHIW WXUQLQJ VWRS OLQH DQG LQWHUVHFWLRQ DVVLVWDQFH IXQFWLRQV VKRZ WKH PRVW VXEVWDQWLDO LPSDFWV RQ
UHGXFLQJIDWDOLWLHVDQGLQMXULHV
,Q IXOO SHQHWUDWLRQ WKH LPSDFW RQ DOO IDWDOLWLHV ZDV EHWZHHQ  DQG  DQG RQ DOO LQMXULHV
EHWZHHQ  DQG :LWK H[SHFWHG SHQHWUDWLRQ UDWHV IRU  WKH VDIHW\ LPSDFWV RI WKH GLIIHUHQW
V\VWHPVRQDOOIDWDOLWLHVZHUHHVWLPDWHGWREHHTXDORUOHVVWKDQDQGRQDOOLQMXULHVOHVVWKDQ
$V WKHVH QXPEHUV DUH UHODWLYHO\ VPDOO LW LV SUREDEO\ QRW UHDVRQDEOH WR LQWURGXFH WR WKHPDUNHW VLQJOH
LQWHUVHFWLRQ VDIHW\ IXQFWLRQV EXW UDWKHU D V\VWHP FRPELQDWLRQ KDYLQJ DOO WKH SRVVLEOH IHDWXUHV $
FRPELQDWLRQ LQ D IXOO SHQHWUDWLRQ UDWH ZRXOG KDYH DQ LPSDFW RI  RQ DOO IDWDOLWLHV DQG  RQ DOO
LQMXULHVLQ(8
7KHVDIHW\VLWXDWLRQYDULHVEHWZHHQFOXVWHUV,Q1RUWKHUQDQG&HQWUDO(XURSHWKHVKDUHRILQWHUVHFWLRQ
DFFLGHQWVLVVXEVWDQWLDOO\KLJKHUWKDQLQRWKHUFOXVWHUVGXHWRWKHKLJKHUTXDOLW\RIWKHURDGQHWZRUN7KHUH
WKHLQWHUVHFWLRQVDIHW\V\VWHPVVKRZHGDOVRWKHPRVWSRWHQWLDO±WKHHIIHFWRIWKHFRPELQDWLRQLQWKHIXOO
SHQHWUDWLRQRQDOOLQMXULHVZRXOGEHDQGRQDOOIDWDOLWLHV
7KH FDOFXODWLRQV ZHUH EDVHG RQ WKH DVVXPSWLRQ WKDW WKH VDIHW\ V\VWHPV ZRUN SHUIHFWO\ LQ DOO
FLUFXPVWDQFHVDQG WKDW WKH\ZDUQDERXWDOOSRWHQWLDOO\FROOLGLQJYHKLFOHVDQG958V ,QDGGLWLRQ LWZDV
SUHVXPHGWKDWWKHULJKWWXUQLQJDQGOHIWWXUQLQJIXQFWLRQVDOZD\VEHFRPHDFWLYHZKHQWXUQLQJ,QFXUUHQW
V\VWHPV WKLV UHTXLUHV WKHXVHRI WKH WXUQLQJ VLJQDO E\ WKHGULYHU ,Q UHDOLW\ WKHSURSHQVLW\RI XVLQJ WKH
WXUQLQJ VLJQDO YDULHV JUHDWO\ /XRPD  )LQQLVK REVHUYDWLRQV VKRZ WKDW LQ XUEDQ LQWHUVHFWLRQV
DSSUR[LPDWHO\±RIGULYHUVXVH WKH WXUQLQJVLJQDO ,Q0LFKLJDQ8QLWHG6WDWHV WKHFRUUHVSRQGLQJ
VKDUHRIVLJQDOLQJGULYHUVZDVIRXQGWREHRQO\,IWKHDFWLYDWLRQRIWKHV\VWHPVLVEDVHGRQWKHXVHRI
WKHWXUQLQJVLJQDOLQWKHIXWXUHDVZHOOWKHHVWLPDWHGVDIHW\HIIHFWVRIWKHV\VWHPVQHHGWREHDGMXVWHGWR
DFFRXQWIRUWKLVIDFW
6WDWLVWLFV VKRZ WKDW ROGHU GULYHUV DUH PRUH OLNHO\ WR JHW LQWR LQWHUVHFWLRQ DFFLGHQWV 3UHXVVHU HW DO
(OGHUO\GULYHUVKDYHGLIILFXOWLHVGLYLGLQJWKHLUDWWHQWLRQDQGWKH\DFWGHOLEHUDWHO\VORZO\LQPRUH
FKDOOHQJLQJ VLWXDWLRQV (OGHUO\ GULYHUV DUH RIWHQ DZDUH RI WKHLU GHILFLHQFLHV DQG DUH PRWLYDWHG WR XVH
V\VWHPV WKDW ZRXOG DLG WKHP 3HUVRQDOL]LQJ DVVLVWDQFH V\VWHPV FRXOG SURYLGH VLJQLILFDQW EHQHILWV
HVSHFLDOO\IRUWKLVJURXSRIGULYHUV±WKLVSRVVLELOLW\ZDVQRWWDNHQLQWRDFFRXQWLQWKLVDQDO\VLV
,QDGGLWLRQWRLQFUHDVLQJVDIHW\WKHV\VWHPVH[DPLQHGLQWURGXFHDGGLWLRQDOFRPSOH[LW\WRWKHGULYLQJ
WDVN7KLVLVVRPHWKLQJWKDWLVUHODWHGWRDOOLQYHKLFOHLQIRUPDWLRQDQGFRPPXQLFDWLRQV\VWHPVDQGWKDW
KDVEHHQDGGUHVVHGE\WKH(XURSHDQ6WDWHPHQWRI3ULQFLSOHVRQ+XPDQ0DFKLQH,QWHUDFWLRQ(&
,QFUHDVLQJWKHDZDUHQHVVRIXVHUVRQWKHXVHDQGIXQFWLRQDOLWLHVRIVXFKV\VWHPVLVRQHLPSRUWDQWPHDVXUH
IRUUHGXFLQJWKHFRPSOH[LW\DQGPDNLQJWKHWDVNRIWKHGULYHUHDVLHU
$FNQRZOHGJHPHQWV
7KHDXWKRUVZLVKWRWKDQNWKH(XURSHDQ&RPPLVVLRQDQG9777HFKQLFDO5HVHDUFK&HQWUHRI)LQODQG
IRUIXQGLQJWKHZRUNDQG5HVHDUFK3URIHVVRU'U5LVWR.XOPDODIRUKLVLQYDOXDEOHVXSSRUWLQDSSO\LQJWKH
LPSDFWDVVHVVPHQWPHWKRG
5HIHUHQFHV
)XHUVWHQEHUJ.+RSVWRFN02ERMVNL$5|VVOHU%&KHQ-'HXWVFKOH6%HQVRQ&:HLQJDUW-	GH/DUD$&0
3URMHFW(YDOXDWLRQDQG(IIHFWLYHQHVVRIWKH,QWHUVHFWLRQ6DIHW\6\VWHP35H9(17VXESURMHFW,17(56$)(63
'HOLYHUDEOH)LQDOUHSRUW)HE

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